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Abstract
Introduction—Image sharing technologies may reduce unneeded imaging by improving 
provider access to imaging information. A systematic review and meta-analysis were conducted to 
summarize the impact of image sharing technologies on patient imaging utilization.
Methods—Quantitative evaluations of the effects of PACS, regional image exchange networks, 
interoperable electronic heath records, tools for importing physical media, and health information 
exchange systems on utilization were identified through a systematic review of the published and 
gray English-language literature (2004–2014). Outcomes, standard effect sizes (ESs), settings, 
technology, populations, and risk of bias were abstracted from each study. The impact of image 
sharing technologies was summarized with random-effects meta-analysis and meta-regression 
models.
Results—A total of 17 articles were included in the review, with a total of 42 different studies. 
Image sharing technology was associated with a significant decrease in repeat imaging (pooled 
effect size [ES] = −0.17; 95% confidence interval [CI] = [−0.25, −0.09]; P < .001). However, 
image sharing technology was associated with a significant increase in any imaging utilization 
(pooled ES = 0.20; 95% CI = [0.07, 0.32]; P = .002). For all outcomes combined, image sharing 
technology was not associated with utilization. Most studies were at risk for bias.
Conclusions—Image sharing technology was associated with reductions in repeat and 
unnecessary imaging, in both the overall literature and the most-rigorous studies. Stronger 
evidence is needed to further explore the role of specific technologies and their potential impact on 
various modalities, patient populations, and settings.
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INTRODUCTION
Patients often seek care from multiple providers, which spreads information, including 
imaging studies and reports, across various health care organizations. Clinicians want access 
to these studies and results, for accurate interpretation and diagnoses [1–3], but often, they 
are difficult to obtain in a timely manner [4]. This lack of access may result in additional 
imaging [5], thereby increasing radiation exposure of the patient [6] and creating avoidable 
costs [7,8]. In addition, searching for studies from other sources wastes provider time [9–12] 
and delays treatment [13]. Finally, imaging has high utility in the diagnosis and treatment of 
disease, but inaccessible studies cannot support clinical decision making [11,14].
Image sharing technologies are a potential intervention to improve access to imaging studies 
and reports [15]. Various technologies allow providers to electronically access patients’ 
external imaging information (ie, outside the organization), such as that contained in a health 
information exchange (HIE), regional PACS, regional image exchange networks, 
interoperable electronic health records (EHRs), and tools for importing physical media (eg, 
CDs) [4,16,17]. Reports and qualitative studies suggest that these technologies improve 
provider access to patients’ imaging information [4,18–21].
Whether these technologies will result in changes to imaging utilization is less well 
understood. Several quantitative evaluations indicate that use of image sharing technologies 
reduces imaging utilization, particularly that for repeat and unnecessary imaging [14,22–25]. 
However, other studies show inconsistent results, or no effect at all [26–28].
Identification of effective interventions to improve access to images and reports is critical 
[3,11] for several reasons: utilization of imaging is on the rise [29,30]; repeat imaging is 
common [15]; and costs are increasingly drawing the attention of payers and policymakers. 
In this systematic review and meta-analysis, we sought to summarize the impact of image 
sharing technologies on imaging utilization, particularly repeat imaging.
METHODS
Searching
Relevant studies were identified, with adherence to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [31], summarized in Figure 
1.
We reviewed the English-language medicine and health services research literature from the 
past decade (2004–2014) for original quantitative research and evaluation studies of the 
impact of image sharing technology on utilization. Radiology search terms were combined 
with keywords for image sharing technologies (Appendix 1), in Medline, ISI, CINAHL, 
EMBASE, Open Grey (grey literature archive), and the National Technical Reports Library 
(government reports). We manually reviewed citations, and the citing articles, from several 
recent image sharing evaluations, to identify additional articles. The initial search yielded 
1,189 unduplicated records.
Vest et al. Page 2
J Am Coll Radiol. Author manuscript; available in PMC 2016 December 01.
Author M
anuscript
Author M
anuscript
Author M
anuscript
Author M
anuscript
Selection
Based on abstracts, we excluded the following types of publications: editorials, practice 
guidelines, reviews, and those that had no indication that the topic was the impact of image 
sharing technology. Our primary search and screening process resulted in identification of 
55 articles for a full-text review (kappa [К] = 0.65).
Articles were retained if they met the following criteria after full-text review: (1) reported on 
original research; (2) provided a quantitative measure of the effect of image sharing 
technology on utilization of imaging; and (3) technology involved allowed for access to 
external images or reports (eg, image sharing was interorganizational and not 
intraorganizational). In addition, we reassessed all full-text articles according to our previous 
exclusion criteria. We did not restrict inclusion on the basis of study design. Qualitative 
investigations, and surveys measuring perceptions and/or attitudes, were not included. Three 
of the investigators independently read each article and determined its inclusion status. 
Agreement on inclusion was high (К = 0.97). Remaining differences were resolved by 
consensus. A total of 17 articles met the inclusion criteria [14,23–28,32–41].
Abstraction
From each included article, we abstracted the following information: study design; patient 
population; setting; modality (specific, multiple, basic, or advanced); outcome; sample size; 
effect size (with variances); and technology type. Given the small sample, we grouped HIEs 
and EHRs into a single category, because they are both information systems that contain 
(and can share) a broad range of clinical, demographic, and administrative data. We grouped 
PACS and physical media importation systems into a single category, because these are 
radiology-specific systems, and in the PACS studies, authors often mentioned that physical 
media importation was still an available option.
For five articles [23,28,32,38,40], we reanalyzed reported frequencies or means, to 
determine the effect sizes, using Student’s t tests, and correlations, with standard formulas to 
derive missing information if necessary [42–44]. Effect sizes could not be determined for 
four of the articles [33,36,37,41], either because of the study design or because the article 
did not contain sufficient statistical information for analysis. We included the characteristics 
of these articles in our overall descriptions of the literature, but they did not contribute to the 
meta-analysis. We converted all reported results to standard effect sizes and 95% confidence 
intervals (CIs) [45].
Some of the articles in the final set (n = 13) contained multiple research findings (ie, more 
than one “study” within a single article). Individual studies were defined as follows: 
stratified samples (eg, imaging utilization reported separately for primary versus specialty 
care settings); independent assessments of different modalities (eg, CTs and radiographs 
measured separately); and/or different outcomes. We selected the best-fitting models, or the 
adjusted effect sizes if multiple regression estimates or sensitivity analyses on the same 
outcomes were reported.
To describe the possibility of bias, we noted the presence, versus absence, of the following 
safeguards to internal validity: adjustment for potential confounding; inclusion of an 
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appropriate comparison group; inclusion of preintervention observations; measurement of 
technology usage (not just adoption); adjustment for repeated or clustered measures; and 
robustness checks (eg, formal tests or stratified analyses). We characterized studies 
involving multiple institutions or settings as being more generalizable (ie, a safeguard 
against bias) than single-institution studies. The number of indicators present, from these 
seven, was used as a measure of potential risk of bias: studies with only three or fewer 
indicators were at moderate or high risk for bias; those with four or more indicators were at 
lower risk.
Statistical Analysis
We characterized the articles by type of technology, using frequencies and Fisher’s exact 
test. We summarized the research on the impact of image sharing technologies with a 
random-effects model meta-analysis [46,47]. Pooled estimates of effect size, and forest 
plots, for all findings were obtained using Stata (StataCorp LP version 13.1, College Station, 
Texas) with the I2 statistic, to describe the extent of statistical heterogeneity of the findings 
[48]. In addition, we stratified the pooled effect sizes by use outcome (unnecessary imaging 
was combined with repeat imaging, owing to small sample size).
To explore the relationship between study characteristics and observed effects on utilization, 
we performed a meta-regression using the individual study findings as the units of analysis 
(with inverse variance weights) and robust SEs to account for multiple study findings per 
article. Finally, we assessed risk of bias, by limiting the pooled analyses to those studies that 
were found to have the lowest risk for bias, and by examining the full sample of studies, 
using funnel plots (Appendix 1, Fig A1) and Egger’s test for publication bias [49].
RESULTS
Characteristics of Included Articles and Studies
A total of 17 articles described the quantitative effects of image sharing technologies on 
utilization, with nine focusing on repeat imaging, and eight using any imaging as the 
outcome (Table 1; Appendix 1, Table A1). Most articles evaluated HIEs or EHRs (58.8%), 
were set in emergency departments (EDs; 58.8%), included the general patient population 
(52.9%), and considered both advanced and basic modalities (70.6%). Articles did vary 
significantly by the type of image sharing technology used in the study. With PACS, the 
sharing was more likely to be of actual images, and the focus on patients with a specific 
condition. The risk of bias tended to be lower in studies that evaluated HIEs and/or EHRs. 
All the studies focusing on PACS had a moderate or high risk of bias. The 13 articles that 
had sufficient information to contribute to the meta-analysis included 42 different studies.
Estimated Effect of Image Sharing Technology on Imaging Utilization
A total of 57% of all studies found some reduction in imaging utilization when image 
sharing technology was available. However, in the overall pooled analysis (Fig 2), image 
sharing technologies were not associated with reductions in imaging utilization (effect size 
(ES) = 0.00; 95%CI[−0.07, 0.07]; P = .991 Substantial heterogeneity was found in the 
results of the studies (I2 = 98%).
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The effect of image sharing technology did differ significantly depending on the outcome 
studied (Fig 2). If the outcome was any imaging, image sharing technology was associated 
with a significant increase in utilization (pooled ES = 0.20; 95% CI [0.07, 0.32]; P = .002). 
In contrast, image sharing technology was associated with a significant decrease in repeat 
imaging (pooled ES = −0.17; 95% CI [−0.25, −0.09]; P < .001).
Study Characteristics and Observed Effects on Imaging Utilization
Negative coefficients in the adjusted meta-regression model (Table 2) indicate that the study 
characteristic was associated with reductions in utilization. Studies in the ED setting were 
more likely to indicate reductions in utilization (β = −0.34; 95% CI [−0.66, −0.01]), as were 
studies that looked at the occurrence of repeat (including unnecessary) imaging as an 
outcome (β = −0.58; 95% CI [−0.84, −0.33]). Given the highly variable effect sizes and the 
small sample size, we were more interested in the direction of the estimated associations 
than in the point estimates. Due to collinearity, not all of the abstracted information could be 
included in the model.
The type of image sharing technology was not statistically associated with effect size; 
however, studies examining HIE and/or EHRs did reveal more negative effect estimates than 
did studies of PACS. For example, HIE was negatively associated with the occurrence of 
repeat (or unnecessary) imaging in all of the included studies [24,25,35,39] (Appendix 1, 
Table A1). The effect of HIE on any utilization was more ambiguous: eight studies found 
reductions, but five found increases in imaging [27,34,38]. Additionally, those studies that 
did not meet the meta-analysis inclusion requirements suggested reductions in utilization 
[36,41]. Additionally, the occurrence of repeat imaging was lower in one study that used a 
shared PACS system [28], and in two that examined physical media importation [14,40].
Risk of Bias
Most studies used a cohort or cross-sectional design, without true before and after 
measurements; this factor was the most common for risk of bias (Appendix 1, Table A1). 
These design choices were further weakened by the frequent lack of a comparison group. 
The lack of a definable comparison group was a problem only among the PACS and/or 
importation technology articles; all HIE and/or EHR articles had a comparison group. 
Generally, the HIE and/or EHR articles included features that better guarded against bias, 
such as study designs with stronger internal validity, adjustment for confounding, 
adjustment for repeated measures, and findings from multiple institutions. Analysis of only 
those studies that had the lowest risk of bias produced results that did not vary substantially 
from the main findings. Image sharing technology was not associated with reductions in 
overall imaging utilization or in utilization of any imaging, but it was associated with 
reductions in repeat utilization (Appendix 1, Table A1).
The potential for publication bias cannot be ruled out. Visual examination of the funnel plots 
of effect sizes, for all studies and by outcome (Appendix 1, Fig A1), did not suggest any 
overt publication bias, but the small sample size complicates interpretation. In addition, 
Egger’s test did not suggest publication bias, but the test has a high type 1 error rate (ie, it is 
susceptible to false positives).
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DISCUSSION
Image sharing technology utilization was associated with reductions in repeat and 
unnecessary imaging, in the overall literature and in the most rigorous studies. Not all 
repeated imaging is avoidable, but repeating imaging solely because an earlier image is 
inaccessible at the time of care is likely avoidable [50]. When providers have sufficient 
access to relevant imaging, they are more likely to forego repeat imaging [41,51].
Image sharing technologies were designed to address this issue [15]. Although payers 
(including Medicare) often do not reimburse providers for reviewing an external study, 
image sharing technologies can make the process of accessing earlier studies easier for 
physicians. Additionally, repeat imaging and unnecessary imaging are clearly important to 
target for cost-saving efforts that can simultaneously improve care and the patient 
experience [15,50]. The potential impact on repeat imaging is particularly promising in the 
context of fee-for-service reimbursement, the dominant payment model used in the United 
States, which does not penalize providers for inappropriate utilization. However, even 
integrated delivery systems (in which incentives are theoretically aligned) are not immune 
from inappropriate imaging, so image sharing technologies could play a role in quality 
strategies in those settings, or for any organization preparing for value-based payments [52].
In contrast, image sharing technology was not effective in reducing any (eg, overall) 
imaging utilization. For many studies, once image sharing technology was introduced into a 
setting or used by health care professionals, imaging utilization increased. Unlike the case of 
repeat and/or unnecessary imaging, no clear link was found between reductions in overall 
imaging and utilization of image sharing technology. Many instances of imaging may be 
unavoidable, or should be expected as appropriate diagnostic procedures, treatment 
regimens, or in light of changes to patients’ condition [53]. In these cases, access to prior 
imaging could improve the accuracy of diagnoses, monitor disease progression, or aid in 
decision making, but it would have little role in utilization.
Alternatively, the actual increase in imaging utilization may be a product of technology that, 
although it increases access to existing images, simultaneously makes it easier for providers 
to order imaging studies [26], particularly for EHRs, which have viewing and ordering 
within the same application [54]. The same might be true for PACS, if a system were 
introduced at the same time, or interfaced tightly with the radiology information system in 
which the image ordering takes place [55]. Another possibility is that the increase in 
imaging is attributable to increases in work efficiency that result from PACS adoption [56].
The opportunities to use image sharing technology are growing, through projects such as the 
RSNA’s Image Share [57], and federal policies that encourage technology adoption, such as 
the Medicare and Medicaid Electronic Health Records (EHR) Incentive Programs, 
commonly called Meaningful Use [58]. The expectation that these technologies will be used 
will grow, as public recognition of the potential value of access to images increases [59,60]. 
Nonetheless, the evidence demonstrating effectiveness of image sharing technologies is 
limited. This meta-analysis supports the hypothesis that image sharing technologies can be 
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useful, but given the small number of quantitative studies, and the frequent risk of bias, 
many important questions remain unanswered.
A critical limitation on acquiring such evidence is that effects reported in the literature 
cannot be stratified by modality, patient characteristics, or conditions. Imaging rates vary 
according to patient populations, and the ability to easily access prior studies reportedly 
varies by modality [61]. We do not have any conclusive insights into the relative 
effectiveness of various image sharing technologies. For example, comparing PACS to HIEs 
would provide insights as to whether access to imaging information alone is sufficient to 
change subsequent utilization, or if access to imaging information in conjunction with 
broader patient information is more useful.
The current study suggests that HIE was the technology most likely to reduce utilization, but 
the sample size and risk of bias in the other image sharing technology studies prevented 
further investigation. Lastly, the available quantitative research does not sufficiently capture 
the differences in provider workflows and information needs. For example, a primary care 
provider may prefer access to a report that has accompanying clinical information, whereas 
a subspecialty physician, such as a neurosurgeon, may prioritize access to the image.
The evidence base can be improved in several ways. Stronger research designs are required, 
to allow causal inferences to be drawn and better control of confounding. Opportunities are 
available to select and use better designs. For example, interrupted time series designs fit 
well with technology implementations. Implementation planning takes time, including the 
collection of baseline data.
In addition, as part of the implementation plan, institutions may roll out or stagger 
implementation dates across various sites, allowing for natural comparison groups. 
Alternatively, the system vendors could assist in identifying other customers going through 
the process of implementation, to both add as comparisons and increase the generalizability 
of findings. Additionally, multidisciplinary research teams could help strengthen studies: 
Health services researchers could provide expertise to address the issues of selection and 
confounding present in many studies, informaticists understand the actual usage of systems, 
and clinicians provide the conceptual linkage between imaging information and clinical 
care.
In general, health IT research and evaluation needs to be strengthened and made more 
generalizable [62–64]. For example, evaluations outside of ED settings are a clear gap in the 
literature. Available methods and designs could improve the quality of research; but those 
who fund research (ie, government agencies, health systems, or vendors) must be willing to 
invest the necessary resources and time to make higher-quality research possible.
Limitations
First, this analysis does not address all the potential effects of image sharing technology, 
such as efficiency gains, satisfaction, or cost [63,64]. Second, we did not explore barriers 
that prevent organizations from adopting these technologies into their clinical workflow. 
Even when such technologies are available, it may always just be “easier” to order the 
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image. Third, this review is not about clinical decision support. Evidence suggests that this 
too may be a technology-enabled approach to improving utilization [65]. Fourth, 
generalizability may be limited, because many of the included articles analyzed data that 
were from only one organization or a single technology. Given the variation among vendor 
products, and differences in the levels of adoption and integration among organizations, 
these findings may not translate to all settings. Lastly, even though our search strategy 
included multiple databases, and the gray literature, we may be missing studies, and our 
overall findings may be limited by publication bias.
CONCLUSIONS
Image sharing technologies have the potential to improve provider access to existing 
imaging studies and reports. Usage of image sharing technology was associated with 
reductions in repeat and unnecessary imaging utilization in both the overall literature and in 
the most-rigorous studies. Stronger evidence is needed to identify the role of specific 
technologies and the potential impact on various modalities, patient populations, and 
settings.
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Fig A1. Funnel plot of effect sizes from image sharing technology systematic review and 
meta-analysis, 2004–2014.
Example Search Strategy
MEDLINE
1. All-field search of “image sharing technology”
2. All-field search of “Picture Archiving and Communications Systems”
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3. All-field search of “electronic health record”
4. All-field search of “image exchange network”
5. All-field search of “physical media”
6. All-field search of “health information exchange”
7. MESH term “Radiology Information Systems”
8. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7
9. MESH term “Radiography/utilization”
10. All-field search of imaging
11. All-field search of “repeat imaging”
12. All-field search of “imaging cost”
13. All-field search of “radiology cost”
14. All-field search of “unnecessary imaging”
15. #9 OR #10 OR #11 OR #12 OR #13 OR #14
16. Limits: English. Year 2005/1/1 — 2014/12/31. Abstract. Humans.
17. Not orthodontics. Not dental.
18. Number retrieved =746
MESH = medical subject heading.
Secondary Analysis to Assess Risk of Bias
To examine the risk of bias in the pooled analyses, we restricted the sample to those studies 
(n = 25) with the lowest risk of bias (with ≥4 of the 7 possible quality indicators). Overall, 
no statistical association between image sharing technology and utilization was found 
(pooled ES = −0.01; 95% CI [−0.09, 0.09]; P < .963). For studies with any imaging 
utilization as the outcome, image sharing technology was associated with an increase in 
utilization (pooled ES = 0.17; 95% CI [0.04, 0.30]; P= .012). Again, image sharing 
technology was associated with a reduction in repeat imaging (pooled ES = −0.27; 95% CI 
[−0.33, −0.21]; P < .001).
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TAKE-HOME POINTS
■ Image sharing technologies (health information exchange, PACS, EHRs, and 
media import) are a potential intervention to improve access to previous 
imaging studies and reports.
■ Across multiple technologies, and in the most-rigorous studies, image sharing 
was associated with a modest, but statistically significant, decrease in repeat 
imaging.
■ The literature on the impact of image sharing technology is small, so that no 
specific conclusions can be drawn about the effects of a specific modality, 
technology, or patient population.
■ The literature would benefit from stronger research designs and better control 
of confounding. Those funding the research must be willing to invest the 
necessary resources and time needed to make higher-quality research 
possible.
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Fig 1. 
Article identification strategy with inclusion and exclusion criteria.
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Fig 2. 
Association (standard effect size) between image sharing technologies and any imaging, 
repeat imaging, and all outcomes: systematic review and meta-analysis, 2004 to 2014. HIE = 
health information exchange; EHR = electronic health records.
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Table 1
Characteristics of articles on the quantitative effect of image sharing technologies on utilization
Total HIE or EHR PACS or Physical Media p value
Articles 17 10 7
Outcome
    Repeat imaging* 9 (52.9) 5 (50.0) 3 (42.9) .581
    Any imaging 8 (47.1) 5 (50.0) 4 (57.1)
Imaging modality
    Advanced only 5 (29.4) 1 (10.0) 4 (57.1) .060
    Advanced and basic 12 (70.6) 9 (90.0) 3 (42.9)
Information content
    Images† 9 (52.9) 2 (20.0) 7 (100.0) .003
    Reports 6 (35.3) 6 (60.0) 0 (0.0)
    Not specified 2 (11.8) 2 (20.0) 0 (0.0)
Setting
    Emergency department 10 (58.8) 6 (60.0) 4 (57.1) .767
    Inpatient 1 (5.9) 0 (0.0) 1 (14.3)
    Office-based 2 (11.8) 1 (10.0) 1 (14.3)
    Community-wide 4 (23.5) 3 (30.0) 1 (14.3)
Patient population
    General 9 (52.9) 8 (80.0) 1 (14.3) .008
    Specific condition 4 (23.5) 0 (0.0) 4 (57.1)
    Transfer/trauma 4 (23.5) 2 (20.0) 2 (28.6)
Study design
    Cohort 7 (41.2) 4 (40.0) 3 (42.9) .091
    Quasi-experimental 2 (11.8) 2 (20.0) 0 (0.0)
    Cross-sectional 2 (11.8) 1 (10.0) 1 (14.3)
    Pretest–posttest 3 (17.6) 0 (0.0) 3 (42.9)
    Posttest only/case series 3 (17.6) 3 (30.0) 0 (0.0)
Risk of bias
    Low 7 (41.2) 7 (70.0) 0 (0.0) .010
    Moderate or high 10 (58.8) 3 (30.0) 7 (100.0)
Insufficient information for inclusion‡ 4 (23.5) 2 (20.0) 2 (28.6)
Total number of findings abstracted 42 27 15
EHR = electronic health record; HIE = health information exchange.
*
Includes “unnecessary” or “avoidable” imaging.
†Also gave access to reports.
‡
Excluded from the meta-analysis.
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Table 2
Adjusted associations between study characteristics and effect sizes of image sharing technology on imaging 
utilization: systematic review and meta-analysis, 2004–2014
Characteristic β (95% Confidence interval) P Value
Outcome
    Repeat imaging versus any imaging −0.58 (−0.84, −0.33) <.001
Technology
    Health information exchange and/or electronic health record
versus PACS and/or CD importation
−1.08 (−2.48, 0.32) .125
Setting
    Emergency department versus all other settings −0.34 (−0.66, −0.01) .043
Patient population
    General patients versus all other patient populations −0.32 (−1.16, 0.52) .451
Evidence quality score 0.31 (−0.19, 0.82) .213
Note: Estimates with inverse variance weights and robust SEs.
J Am Coll Radiol. Author manuscript; available in PMC 2016 December 01.
